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1.0 INTRODUCTION

This report summarizes the resuits of the ITT model F4012 RP image dissector

tube and coil improvement program, Included with a technical summary are the following:

Appendix A - Vidissector Image Disgector Tube Test Data for
S/N 037403 ({S/N 1 Assembly coniponent)

Appendix B - Vidissector Image Dissector Tube Test Data for
S/N 037404 (S/N 2 Assembly component)

Appendix C - F4012 RP Deflection Assembly Test Data

Model 8008946-1, S/N 1 (S/N 1 Assembly component)
Appendix D - F4012 RP Deflection Assembly Test Data

Model 8007846-1, S/N 2 (S/N 2 Assembly component)
Appendix E = -~ Final Report "Improved F4012 Iimage Dissector Coil

Assembly" by R, Hertel, ITT Aerospace - Optical Division,
Ft, Wayne, Indiana .

Appendix F - Test Plan (including results of tests on Tube/Coil
Assembly S/N 1) of ITT Model F4012 RP Tube/Coil
Assemblies by ITT Gilfillan

Appendix G - Component Schematics: voltage divider, deflection assembly,

shield-magnetic, Process Spec, - Shell EPON 828

The objective of the Tube/Coil Improvement program was to improve the character-
istics of an F4012 RP tube/coil assembly to make it more accurate for the Large Space
Telescope trackers' applications, Section 2.0 of this report compares the performance
of the new components to the original design goals, Section 3, 0 presents recommendations
of further tests and/or design changes to further improve the F4012 RP tube/coil assembly

performance,
2.0 PERFORMANCE

The general work statement of this program called for modifications in the F4012 RP

drift tube mesh, mesh spacing, and photocathode to effect improvements in lineafity,



resolution, and photocathode uniformity., The deflection coil to be used with the tube

was to be designed to improve off-axis linearity and resolution.

A summary of tube modifications and coil design is given in Appendix E, The
effects of the changes are best indicated by examining the performance of the assembly
with respect to the original design goals. It is noted that most of the tube and coil
parameters are from the total assembly performance and are interdependent, Therefore,
the performance of the tube with a deflection coil of different design or of the coil with
an unimproved tube will not equal that of the improved assembly. An example of this is

illustrated in Figures la and 1b of the Appendix E report.

Table 2-1 is a tabulation of the specification performance parameters and the
measured performance on the two assemblies. The S/N 1 assembly is made up of the
S/N 1 deflection coil and S/N 037403 image dissector. The S/N 2 asgsembly is made up
of the S/N 2 deflection coil and S/N 037404 image dissector,

3.0 RECOMMENDATIONS

The results of S/N 1 assembly tests (Appendix F) suggest that further testing would
be useful, Performance of one parameter (rise distance) did not improve as anticipated

and additional modifications are necessary within the image dissector,

3.1 Additional Testing

Due to the lack of funds, no testing was performed at ITTG on the §/N 2 agsembly.
It is recommended that the Appendix F tests be performed on that assembly. Several
additions or variations to specific sections of the test plan should be made.

Sec. 5.7 - Resolution - Following source-assembly alignment, this procedure

will be run first, The effect on rise distance due to
a) dvnode #1 and dynode #2 voltage
b) roll orinetation of tube in coil
c) using a larger optical image

will be checked.

Sec, 5,3 - 5.6 - Accuracy - These measurements will be made using optimum

voltages and orientation from Sec, 5.7 tesis.



Sec, 5.8 -~ Magnetic Field Effect - All tests will be run with + 4 gauss fields

“including susceptibility to a longitudinal field.
Sec, 5.9 - Stability with Temperature - These tests will be run (not completed

on §/N 1 assembly), However, the tube and coil should be encapsulated within

the magnetic shields in order to get meaningful data.

3,2 Component Modification

The major deviation from the specification goals was the rise distance, It
decreased little, if any, from that measured on previous desighs, Two possible causes
are 1) the scattered/reflected light from the mesh and 2) secondary emission of the mesh

and/or aperture,

Most of the light photons are transmitted through the photocathode to the mesh.
Some of these are reflected back to the photocathode causing additional electrons to be
emitted. This effectively increases the electron beam size and rise distance, If thisis
the cause, a hlackened mesh would be a desirable addition to future tubes,

Both the mesh and aperture plate are presently nickel plated. Use of a different
metal having lower secondary emission properties (such as gold) could improve the rige
distance, Additional analysis by the tube manufacturer is necessary to determine the
merits of this change,

Upon examination of the rise distance data, the right measurement is always
less than or equal to the left measurement, It is probable that this {3 caused by the tube,
This could be due to either variations in the aperture sides or asymmetric electric flelds
near the aperture due to the first dynodes, The test plan changes outlined above (Sec. 5.7)

should give some ingight into why the rise distances are unequal,



TABLE 2-1

SPECIFICATION S/N 1 ASSEMBLY S/N 2 ASSEMBLY APPENDIX NO COMMENTS
Photocathode Uniformity 96.5 + 3,5% 94 + 6% measured A&B Typical spec is 95 + 5%
95% or greater over a measgured over a ,56 inch diameter
0.6 inch diameter
Resolution: design goal is 12 -~ 15 microns not measured F Measurement is difficult
4 microns at center and rise distance to make in that the image
6 microns at 0, 3 inches gize should be much smaller
from center than the rise distance,
Radiant Sensitivity: high 50% more sensitive Typical across band: A&B
across 5-20 bandwidth across band: 60 43,67 ma/watt at
20 ma/watt at 420 nm ma/watt at 420 nm 420 nm -
Aperture Size 0. 008" x 0, 008" 0.0078" x 0, 0078" Ag&B This was changed from
the original spec of
0,002" x 0, 002"
Photocathode Luminous 258 “a/ lumen 155 “a/ lumen AEB Typical is 120 p,a/lumen
Sensitivity: 150 pa/lumen
min,
. 5

Gain & Noise: Goal is to gain =5 x 105 gain = 5 x 105 A&B Typical is 5 x 10 for
increase gain and decrease at 1315 volts at 1198 volts 1200 volts  _
noise dark noige = dark noise = Typical ig 10 amps

.7x10  amps for 2,5 x10° “amps for for 5 x 10 gain

5 x 10° gain 5x 10" gain
Focus Coil: Shall be operable} 95 ma at 13 voits 95 ma at 13.5 volts E&F

from a 20 volt supply drawing
50 ma/inch + 50%




TABLE 2-1 (Continued)

SPECIFICATION S/N 1 ASSEMBLY S/N 2 ASSEMBLY APPENDIX No, COMMENTS
Deflection Coil: sensitivity Horizontal: Red-Blk Horizontal: Red-Blk E&F
shall be 50 ma/inch + 50% 57 ma/inch 60 ma/inch

Vertical: Wht-Grn Vertical; Whi-Grn

64 ma/inch 66 ma/inch
Linearity: shall be 0,25% Horizontal - 0.2% Not measured Measurements are along
with a design goal of 0, 15% X/Y axis
over 0, 6 inch diameter Vertical - 0, 15% Not measured
Geometric Distortion: F Measurement considers all
+ 0,15% RMS Radial distor- , A
- . . Not measured distortions - ig a figure for
Astigmatism: 0,25% tion 0, 90075 Inches absolute position accuracy

o or .125% of 0,6 inch

diameter
Magnetic Field Shield: Max deflection of Not measured F Extrapolated to + ,6 gauss
Housing shall be such to + 0.0001 inch for fields, the deflection would
minimize effect of external transverse fields of be + 0,000015 inch or 1 part
magnetic fields of + 0.6 + 4, gauss per 40,000, Shield configu-
gauss ration given in Appendix G
Divider network to be Supplied with hard- Supplied with hard- G Schematic per Appendix G
supplied ware ware
Material shall be compatible Coil, tube, shield and divider supplied as G

with space environment

individual components,

Coil assembly en-

capsulated with Shell EPON 828 per ITT AQCD
Process Specification 8007841,




APPENDIX A

VIDISSECTOR IMAGE DISSECTOR TUBE TEST DATA
for

S/N 037403 (S/N 1 Assembly Component)



Page 1
®
VIDISSECTOR IMAGE DISSECYTOR

TUBE I'EST DALA
CUSTOMLR I77 ﬁ: 1LEIL LA

RADIANT SENSTTLVITY' LUMINOUS SENSITIVITY
PROJECT NO. )4 £ 2900

Wavelgth| Scns. | Q.E. 2850 K | 5113 2118 WUBE TYPE Y012 RE

1 mAjwatt] g wh /1m vA/lm | uA/lm

JEQL.M _18.09 | 242 6.5 /153 SERTAL NO, 037407

0y ) a2y | i7./6 ] ‘

13 1 b4 | 1516 ‘ -4 AVERTURE 008 X . 008

293 | L2907 1289 - CATIOD
0131 42,59 | £b8 | . PIOTOCATHODE, o
053 | 32.93 | 743 . 321
__G9h 33.48 é6.06 TEST ACCErTANCE

192 |24.48 | 3,84 ' OPERATOR ¢

488 | 2,73
- DATE e i f 2 7?/
FACEPLATE /ENVELOPE - , TURE TEST ORIENTATION3
TOTAL INDICATED RUN=-QUT ’{{}7

. c'g"éx\-" Key Ceur arn)
44 x 1073 Inch At P. C. Edge \
APERIURE STZE -
_ _ . — .

-

Measured ,00% X 008 /A

Yhotocathode End View

OPERATING VOLTAGES®AT & % /o ® GATN
(with respect to DT)

Photocathode - oo / ' Seperate Aperture N_' ﬂ
Dynode 1 O : Seperate Mesh A

Dymode 2 g Anode 1315

Dynode 3 i.i,{ : Ancde, in respect /‘[
' ) to bynode f2

1. Radiant Sensitivity plotted on page h. :

2. Sce recommended Voltage Divider on rage 5.,

3. Reference for Output Uniformity & Blemish
photographs on page 2 & 3.

170 Elcctro-Optical Products Div.
U. 5. Patent No. 3,295,010

rAppendix A-1



Yoge 2

W TV :

FYoi2 RP
Sk 6
SERLAL 1O, Mnf

MULT. GAIN AND DARK CURRENT

apgr. illum. Ipc Iaper. Gain Tanode By, Taark
inc ine amp. amp. anp. volls | amp.

EAXWS| .39 47x10°F | Exjo®) [x10% | £ xi0°7 | J0.55 |l AP

( “ FINCEAN IV AVINCIRTY B Al
Sxie5 1250 | 3 1S 1.
" “ 2 . I x10° | Sxjeb | 470 |5 X jo-"?
« 7 ; " 2 5188 jex1e7ti /6 Fo (15xi0-7]

NOISE FACEOR

Gain Ipe  Lanode lloise T Noise
amp. amp . Erms He factor

Z 102 J9x0F |1 xi0" % Ji0ma | Ser | 1.93

OUTPUT UNIFORMITY

Sce  "MTUBE  CIBST ORIEWIALTION", page 1,
. 7 : to correlate the photographic data displayed
llorizontal below with the tube position,

Sweep Rate ‘ :
Vertical 7

Y,
Sweep Rate [& g!s‘ 4#1 2 'i}?
Contour Levels ‘ﬂ, & 7.4 f_{

Photograph deplcts Job T
of the full photocathode din,

Qutput Uniformity, is ‘2
‘over__n_i‘é&(&%) photo-

cathode quality diameter,.

Appendix A - 2



TUBE TYPE FYDIQRP SERIAL NO. 0374073 OPERATOR g8
SET ¢4 | DATE TEST AcceprAavee PAGE _ 2a. 4

PHOTC CATHOOE  N1FORMITY

C

C

| %ﬁ; 93 % OVER
o i
Af\ ] £ b % CATH. DIA, C 0.6' -

DATA TAKEMN WiTH

U R

A 020" PRoJEcTEL SPot .

735'; '5
75 |25
£ S
9,9 |15
7!3; "
9.9 057
A e |~ NIng S oY
o o3| RY /0 S| RYEN
262 | 5 - 5.v o w
9.8 ) L
9.5
| 472
| 9,45
. 'f
518
L PAG
s ks
D

LETHL Bgne s . : Appendix A - 2a



RESOLUTION
Horirontal .
Sweep Rate 20 _ang (‘ ~ LVL/ L | L ODULATECS
APL. (%)
Ancde Load LY
100 FS
Coil Type E4532 200 | 2%
Co
Fovs T 6,75 ma2 [ Too
-290
600
700
800
DLEMISKES

llorizontnl

Sweep Rate -&%Aﬁl—
Vertical

Sweep Rate .ﬂ%ﬂ"/

Photograph depicts 109 o

ol the full photocathode dia.

TUBE 7Y}

boge 3

FY0i2 RP
SERIAL N0,
037993 46
[ eVL/I0. | T OULLATION
AHPL. (%)
— 900
| 21000,
3200
_1hoo
1600
1600
2000

See "TURE  IEST ORIENTATION", page 1,
Lo corrclate the rhotogrophic data displayed

below with the tube position.

?7

Blemish | Ampl. Width
No. o Inch

/ 25 | 013 |87°00

oV TS DE

A g 003

Appendix A - 3




KLFIVOD 900d JO

g1 govd TVNIDTEO

P -Kvx;puaddv
MILLIANPS
»~

TYPEMSCL No. G.??S/C:‘ —

LUMINOULS 42_5? Pu/iumen!

}m/ lumans

S113 {3-58) G“s’

2540 (7-36). pasiumens |
2418 (2-62) L33 pa/lumans |
2030 {2-64) 1N pa/lumens

wALATTEN "12 _ A

pd/lumlns

PER WATT

4000 5000 6000 7000 8000 9000
ANGSTROMS



F4012/F4012RP _
VOLTAGYE DIVIDER _SCHEMATIC

3
z

ﬁ'—‘-‘me-qmuu:suw—[

&

14

{used for test}
ANQDE

ANDDE

FLYING LEAD — PHOTOCATHODE

PHO1 QCATHGCDE r'f‘l
ELLCTRO\! TUBE DIVISION _u__LI

LonlD
pm— — QARREING  Rroison
| ANOOE - \,J , MV
! 1
I I 12 1
I - |
, NS 1
656 DIA . _ I ;R
. PN U ;0\\'-
CIRCLE! : gﬂ
[ t o ]
N ;
_ ’ e |
DYNOCES : %R
{ Y :
I i
GLASS DIMPLE I e~ ' Sar , .
i ! MULT:FL!ER]
I @ Y PGYWER !
4 SUPPLY
12, :>MEG | - -
ELEMENT xswxxTT I
i | 1%, |
DRIFT TUBE | =
moes el
' ] i~ | R=5IK
DYNODE 2 < il
DYNODE 3 | - s
DYNODE 10 f |
INTERNAL CONNECTION | (ORIFT | }R
DYNCDE I | {TUBE | .
ANODE GUARD RING | IAGE
l SECTION
ANODE t I T POWER
DYNCDE 12 | I SUPPLY
DYNODE - 9 | |
DYNODE 7 | I §9R
KEY PIN (CLIPPED) | _ ’
i idaiaiainistaiiaity ]

ORIGINAL PAGE E
@F POOR QUALITH

Appendix A -5




APPENDIX B

VIDISSECTOR IMAGE DISSECTOR TUBE TEST DATA

for

S/N 037404 (S/N 2 Assembly component)



VIDISBSECTOR

®

IMAGE

TUBE TEST DATA

Fage 1

DISSECTOR

1 CUSTMER 77 /6 14 F jLLAM
RADIANT SENSITIVITY LUMINOUS SENSITIVITY |
PROJECT NO.  }/ 52900
Wavelgth| Sens. | Q.E. 2854k k | 5113 | 2k8 TUBE TYPE 0/2 R
nm mA/vatt| % vl /im vA/in | uA/im £y f
o8 43,67 | 13.23 sy | 4.8 %D SERIAL NO.  p 37404
Kig Y353 | | , ABER
2 "1/0'%_5 ._Z)%_ TURE 008 X 008
23 27,06 | gt/
613 2516 | S PHOTOCATHODE €20
653 2Y.7¢ o 72 20
694 200 3,62 TEST %
719 1242 | 2.99 ac%"
192 9.4y | ;.45 OPERATOR RE
888 b¥ 07
DATE f { 504979
FACEPLATE /ENVELOFE ' TUBE TEST ORIENTATION3

TOTAL INDICATED RUN=-QUT

4.5 % 10"3 Inch At P. C. Edge

AFERTURE SIZE

Measured o9 7% X , 00758

OPERATING VOLTAGESZAT _§ X [©

Fhotocathode —iloo
Dynode 1 o

Dynode 2 /0 6
Dynode 3 285

1. Redient Sensitivity plotted on page 4.

&Kf)’ _ Ceor piv)

A

Photocathode Epd View

&

GAIN

(with respeet to.DT)

2, See recommended Voltage Divider on page 5.
3. Reference for Cutput Uniformity & Blemish

photographs on page 2 & 3.

A
NMA_
111 |
<20

Seperate Aperture
Seperate Mesh
Anode

Anode, in respect
to Dynode |2

ITT Electro~Optical Froducts Div.
U. 5. Patent No. 3,295,010

Appendix B-1



Page 2

unE TYPE

F4ut2RP
SERIAL NO. .
03799 f Kﬂg
MULT. GAIN AND DARK CURRENT
Agper. |®illum. Ipe Laper.| cain Ianode | Emuit. | laark
in? in? amp. amnp . amp. volts anp.
bixe 2| 039 |42xu2% [ stz J X (o5 [ §x12°7 | 94D | gxio™
u " ” o 2x13% lfoyjor7 {jo7@ | LY x[2
p ¥ 5 « SAL2Y l2sxoel]l 98 j2sxe
I H » i l }Qf(}" _£! E!!-{' _,300 ‘?KLQ"‘l
p i “ 2 2% (0 [joxiet /Y28 [ aXie™
NOISE FACTOR
Agper. |Aillum. | Gain Ipe Tanode | Noise BY Noise
in2 in? amp. amp. Brms HZ, Factor
cqxie?| .29 | sxteS |195x o8] jxi07C [[80mar | 5O K | 1.98

QUTPUT UNIFORMITY

See "TUBE TEST ORIENTATION", page 1,
C , to correlate the photographic data displayed
liorizontal ' "~ below with the tube position.

Sweep Rate -
Azmblam_

Vertiecal )

Sweep Rate (O ace, ;é;_ 2

Contour Levels 4 « 7 (- $.5

Photograph depicts_ S 00O %
) of the full photocathode dia.

Qutput Uniformity 15___3,____,____
over <5t inch_ (&0%) photo-

cathode quality diameter.

Appendix B - 2



Page 2a

TuBE TYPE F 4012 R (SERIAL NO. 02 7404 operaToR KB & R H#
ser ¥ / DATE 4/30/791 TEST MFL&JL, PAGE __ 2o
X UNIFORMITY -
A C

—}’%gxmzs 38 % over
Z¢ % camn. via. (0.6")

—————————

b ﬁ!/ DATA THKEN wWiTH
- 020 " proiccrep  sPoT

N
/

5010
5
e

£/

r
D ;‘/0'7
1,9 xi?

5.2 X:ah?

15,2 x o)
’,8

L% 5T
m

Y Yl
51, X'/o'f
O
Moy
S,

5,05 X0
9.2 Y/p

§ ¢/

D

PRI E-doe s Appendix B - 2a



TUBE TYFE

SERTAL NO.

Page 3

Féo/2 R ¥

03740

TVL/IN,

MODULATION
ANDL. (%)

300

1000

1200

1400

1600

1800

2000

below with the tube position.

B
AL BAG
oRIGINA (sasaTh
RESOLUTION
Horizontsl _ . :
Sweep Rate 20 g ,4'“,_\ TVL/LIM. | MODULATTON
_ AMPL. (%)
Anode Load S Ka
o by 100 20
Coil Type E49.32 200 25
- 300
500
600
700
800
BLEMISHES
Horizontal
Sweep Rate B ono [ears
Vertieal Ny
Sweep Rate éo@”‘;_/,é“”L
Photograph depicts €2 ¢
of the full photocathode dia.
Blemish - Ampl. Wiﬁth
No. Inch
) OVTSIDE
/ /O 8ik| .003 |(§o7 pir.
2. ¥ gl .o0f
£ nk| 004
3 & war]  -003
Y 110 gpr| 004
S |12 ek| go48 |
c ¥ s g0y
7 | 5 sl .00c o ‘
~ ‘ QUrsIot
¥ 135 k| 008 |57 psa
? S/ BLK _._,0_0[7“ t,( -

Appendix B - 3

See "TUBE TEST ORIENTATION", page 1,
to correlate the photographic data displayed

03
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The standard luminous sensitivity is the response of the photocathode
(in microamperes per lumen) to a tungsten lamp operating at 2870°K.

4

WAVELENGTH, IN MICRONS

The

various numbered sensitivities are the response of the photocathode
when Corning filters (filter numbers are four digits; dashed, three
digit numbers in parentheses are a color specification number) of half
stock thickness are interposed between the 2870°K lamp and the photo-

cathode. Plotted above are the transmittance, in percent, of the
in relative units, of 2870°K

filters, and the spectral distribution,
Also shown are the photopic eye response and the transmission

tungsten.
of a Wratten #12 filter.

ITTIL E-32b (6/66)

- Appendix B - 4a



Page §

ﬁ .

F4012/F4012RP : |
STEMMING ARRANGE MENT YO E DIVIDER SCHEMATIC
_ ‘ ] ' (used for test)
14 PINS EQUALLY SPACED - L ANeDE NG ANDDE
oot RO
. .| ANODE L= vV
I o |
. ;
I e 0
I ~ J -
\ 1N =
656 DIA . - ;R
PIN ! 10~ i
CIRCLE! - : §R
l ! s I
O .
N . :
DYNOCES l
DA ,
GLASS DIMPLE N . i |
. | : " + 1
b MULTIPLIER
| @ ° ] PGWER
) 1
l2.5ME6. I , SUPPLY
. _ e R
- PIN ELEMENT - : lf? WATT | _
o DRIFT TUBE | 3
L2 DYNODE g I < : 3R
.3 .DYNODE 1 : | ol s
4 ~ DYNODE 2 | ! I~ | ;
5 DYNODE 3 | L
6 DYNODE 10 | :
7 INTERNAL CONNECTION | |oRIFT l R
8 DYNODE tI " | |TUBE I .
9 ANODE GUARD RING = . | l ' IMAGE
: SECTION
10 ANODE i , POWER
It DYNCDE 12 | | SUPPLY
12 DYNODE 9 l S
13 DYNODE 7 | : gsn ’
14 KEY PIN(CLIPPED) | B :
Bt utatebetetots . ]

- FLYING LEAD ~ PHOTOCATHODE

. | ) ‘PAGEE
. DFPOORQ' ' .

PHOTOCATHOCGE - rm
ELECTRON TUBE DIVISION E_ELT

Appendix B ~ 5



APPENDIX C

' F4012 RP DEFLECTION ASSEMBLY TEST DATA

Model 8008946

§/N1(S/N1 Assemb]y_ Component )



¥

>
L
v .
- F4Ql12RpP DEFLECTION ASSEMBLY TEST DATA -
x mobEL Joo 7846 -/ S/ 1 . DATE 6_" §-74
z < | mecranrcan
z
3 % Length , 3—#48{ Inches
Zg _ —TeS
< Outside diameter : _ ‘ Z,Zé{ Inches
a
Bore diameter 4 /30  Inches .
Weight 0.942 x3.

E Focus Current 27 mA
g ‘Deflection Sensitivity * (.4 x .4 inch square) '
§ Hori'zontal {(inner) ) ) éo.l mA/inéh
z Vertical (outer) | ‘.é .9 ma/inch

* .
Geometrical Distortion (.4 2 .4 inch square)

BALE QF APPARATUS WITHCUT PERMISSION.”

DRAWINGS AND GRUCIFICATIONR ARE THE PROPERTY OF ITT ATROEPACT/
OFTICAL DIVIRION, ARE IBSUED IN 8TRICY CONFIDENCE, AND BHALL NOT

be

L.

«£

g 4

@ -

2 Horizontal RMS (inner) - S.6xXr0  Inches
= - . e e er—

[+

g Vertical RMS {outer) 5.6 Xs0 ¢ Inches
g Worst point coordinates (.g, .2)

x 3
° magnitude of error . A72xrd T Inches
[=] et

g .

¥} .

r § . L)

- Sgew Ty Aue cw dowmen + X AVIS - .3 Degquas

a

3

]

-]

MANUFACTURE OR

*

SEXCEPT A8 MAY BE OTHERWISE PROVIDED BY COMTHACT, THEGE

Assumes 400V, 1 loop, modified F4012RP.

FeonkP Sk o S76od

< &
ﬁ A ;}/7‘/

INDIAMNA, LU, 8. A.

AEROSPACE /OPTICAL DIVISION
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X CALCULATED

.2, 51465E~04

+

9.89544E~2

© 9493@92E-B2 .
. =1.8B6586E-64. .
-2.96164E-02. -
=9.95350E-82 "

.=9.95890E-32
~4.17853E~-85 .
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- « 199974
« 201483
T« 100024
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-9.99302E-82

~s 2BO5A44
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~9.87396E~B2
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- 188247
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¥ CALGULATED

1. 73832E~04
2.97023E-B4
9.97843E~p2
9.94312E~@2
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-1. 18B4A2E~B5
-9.99192E-B2

" ~9.97666E-B2
=3+ 999 TEE~-P2

-+ 103758

4. 15331E-94
v 188553
«2@01002

« 2886805

- 199488,
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- 199893
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5«57 1 64E~-B4

5. 60285E-04
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LV AV C T
LT B

X POSITION Y POSITION X CALCULATED ABS(X POSY

@ B -2.88131E-B5 -2.2BI31E-85
.l @ 9.91777E-02 8.22246E-04
.l .l 9.54131E-62 S«86942E-04
] o1 3.998B3E~PS  -3,99883E=FS
EP | o 1 -9.9366 7E-D2 6.39245E-84
el 2] ~0.92728E~-A2 7.27206E~-84
-1 | ~3.94719E-02 5.28112E-04-
g -cl 30621845"95 ‘3-6213‘]E"55
o1 -1 '9.94676E-02 S.323B9E-D4
.2 -1 - 199633 3.66747TE=-DA
.2 a . 199223 T.TEB5TE-L4
- wl . 199626 3.93563E-B4
.2 .2 -200B815 ~8.15421E~B4
.1 .2 « 180053 ~5.2B544E<28
o .2 1. 48543E-04 -1.4B543E-84
-1 2 ~9.973913E-02 2.0869 1 E-04
-2 .2 ~. 2808798  =7+98P4TE~04
- | ~. 199821 1.79023E-84
-.2 | ~.19959 4.10950E-04
-.2 -1 ~.22RE39 -3.91006E-25
- -2 ~.20116 -1.16828E-83
. .2 -3.99733E-g2 2.67178E-85
o] -2 2.32915E-B4 ~-2.32915E-84
.t -.2 . 102337 -3.36543E-04
2 .- «201118 ~1.11562E-83
X FOSITION Y POSITION ¥ CALCULATED ABS(Y P0S)
: -ABS Y CAL>
o] & 2.31P26E-04 -2.31826E-04
.1 ] 2.38306E-024 -2.38306E-04
o1 o1 9.97411E-02 2.5884BE-04
B .1 9.95€Q1 E~p2 4.999B4E~BA
-l .1 9.35568E-p2 A.43235E-84
-.1 B 1.P6892E-P4 ~ -1.86892E-04
-.1 =21 ~« 129081 -8.09530E-ES
& -l -9.98726E-92  1.29375E-24
L] I "tI --IEEB?Q -TOBSQQBE‘S
Y- -.1 -~.1G@836
.2 e 1.96911E-64 ~1.5691E~D4
2 . i . 19p276 ~2. 75850E-B4
-2 -2 . -2@9@] “90E865E-ﬂ4
ol 2 “ 1999018 B+ 16286E~ES
] -l « 1994022 S« 78225E-G4
| .2 . +»199639 3. 6A936E-@4
-2 .2 288712 c=Ta122456E-04
-.2 .l . 168823 -2+ 34395E~-85
-2 2 1.23859 E-Q4 -1.23859E-814
-2 -.1 -+ 12BE52 ~6+ 51851 E-24 °
.2 -.2 - 208343 ~3.42846E-04
=i .2 -+19932 €. 59OBL3E-G4
a -2 ~.198999 1.29112E-23
ol - =2 199487 5. 12 7I19E~B4
-2 'IE --2@5897

THE RMS X ERROR IS 5-68165E;94

THE RMS Y ERROR IS

READY

RUN

THIS IS 6/13/74-1 DATA.

S5« 13594E-94

-ABS(X CAL)}

-8.35747E-04 T

~8.97B2RE-F4

THE TUBE IS A FAG12RP(S20,85).

THE TUBE S/N 15 B37483. THIS 15 THE SECOND TUBE IN THE
FIRST DEFLECTION, ASSEMBLY. e e e
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APPENDIX D

F4012 RP DEFLECTION ASSEMBLY TEST DATA

Model 8008946

S/N 2 (8/N 2 Assembly Component)



L

-~

L

= - F4012RP DEFLECTION ASSEMBLY TEST DATA -

E MODEL SBooT84L -4 S/N 2 o DATE &-2-74

2 E MECHANICAL '

; § Length <. 4%0 Inches
g " Outside diameter 2.2L% Inches
° Bore diameter 1./35 Inches

Weight

Focus Current

THESE

DRAWINGS AND SPECIFICATIONS ARE THE PROFERTY OF |TT AEROSPACE/
CPTICAL DIVISION, ARE IESUED IN STRICT CONFIDENGE, AND BHALL NOT

BE REPRODUCED. OR COPIED., OR

*
Deflection Sensitivity {.4 x .4 inch square)
Horizontal (inner) .
Vertical (outer)

*
Geometrical Distortion {.4 x .4 inch square)

UBED AP THE HASIE FOR THE

ATUS WITHOUT PERMISIION."

Horizontal RMS (irnner)
Vertical RMS (outer)
Worst point coordinates (.2,.1)

magnitude of error

YEXCEPT A8 MAY BE OTHERWIBE PROVIDED BY CONTRACT,

MANUFACTURE OR BALE QF APPAR

* Assumes 400V, 1 loop, modified F4012RP.

L]

Fdorsrp (svo, £5) 37404

0.5¢5 K
75 - mA

__goi! mA/inch

- 4$%  mA/inch

&0 -;(/oT Inches

v

o fox xwo¥ Inches

/.S'xro-‘s Inches

Sxaot -y AMS  Ced Towmp +x AXS  0.44 vagquas

A @

g/2/74

' B007847
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Cours 15 73174-1 DATA.TUBE 1S F 4B12RP (520,85),5/Nu37404.

=05T ™OT DAT4.

YOWE AXE3S ROTATED

+Y ANIS 13 SWEWED

X POSITION

.y
.0
-.2
-.2
-,z
-1
@
.l
.2

X POSITION

L B

—e1

-1

THE RMS ¥ ERROR 15

e Ar AT
fae Nl 1 Al

Y POSITION

Y POSITION

a2
@

— et e g

-ad
-
-
~.0

-l

-y 2

Lo had
ik

——

DEGREES CW.

DEGREES CW TOWARD THE +¥ AXIS

X- CALCULATED

1.97399E-35

9.93366E-22

9.96399E-02
B.64226E~B5
-9.95382E-§f2
~9.93597E-@2
~9.94798E~D2

S«4THEIE~BS |

9.94499%E~02
199569
- 199368 °
« 199789
- 208985
« 180217

9.30694E-25

-2 100815
-.201887
-.208061

-.199571
-.199821

T -+ 266708
-9.985%81E-92

1. 46852E-04
« 182368
« 208655

¥ CALCULATED

' -2.87448E-84
-1,85615E-84
© 9.93619E-32
9.91411E=-32
$.933@9E-§2

~8.6193GE-85

-9.96218E-82
-9.95862E-92

[ =9.96932E-B2

‘-, 1088255

! 1.20610E-04

 «186197
+2010684

+ 200044

. 199588

« 199861

. 200967
9.98518E-82
2.03544E-B5

©=. 108104
1=, 208525

;=2 199562
~ 199226

-+ 199679 -

-« 206599

~ ABS(X POS)
-ABS{X CAL)
-1.97399E-05

6.63385E-64

3.68057E-84
-=-B.64226E-0B5 .

4:91813E-084
6.4228BE~ 34
5.2 1 55E-6G4
-5.,47609E~B5
5.50121E-34
4.31329E-84
" 6.92338E-34
.2+ 1135BE-24
-9.8547.3E-84
-2.17850E-84
-9.30694E-25
-1.53335E-35

C =1.887B1E-83
.-1.63712E-85

4,828557E~-04
1.79354E-B4
~7.88163E-84
. 1.41844E-04
- 1.46852E-24
-6.B4559E-85

-6:55413E-64

aABS(Y POS)

. -ABS(Y CAL)
-2.2T44BE-04

~1.85615E-94

- 6+ 3BLl1i2E-Q4

8.58933E-44
6+6F1F5E-84
-8.61939E-85

© 3.79011E~34
- 4.93783E-04
3.86770E-84

-2.54557E- 04
-1 ’ZﬁﬁlﬂE-ﬁa

C =1.97142E~84
-1+08368E-B3"
-4.44651E-05

4. 11510E- 04
1.38819E-24
-0.66966E-04
1.4B192E~-¢4

-2.P8544E-05
"=1:G43B3E-04

~5.24640E-34
4.37707E-84
 7.73847E-@4
3.2 147BE-34
~8.99136E-04
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INTRODUCTION

This report summarizes the results of the F4012 vidissector &)

image dissector tube and coil improvement program from the viewpoint of

the tube and coil fabrication. - The originally pfopoéed changes are

listed below.

1)

2)

3)

The mesh to photocathode spacing will be reduced. The F4012RP has
the poorest aspect ratio {cathode diameter to spacing) of all the
Vidissector image vidissectors. .A decrease in spacing will reduce

the distortions of the electric field at the edge of the photocathode.

It is expected that this will improve off axis resolution and

geometrical distortion.

The tube will be fabricated with new parts and tooling designed to

- reduce the amount of tilt between the photocathode and mesh and

the amount of run out of the photocathode and mesh relative to the

envelope,

It is expected that this wiil allow'better alignmént of‘the fécus

coil and tube. This shouldireduce the variation of resoiution over
the photocathode area as well as making anyrresidual resolution losses
ox geometfidal'distortions more rotationally symmetric about the
center of the tube. |

The tube will be built with a ndn-magnetic nesh mounting ring..
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4) The deflection coil will be a scaled down version of the design

used on the 2-1/4 inch diameter Vidissector image diséectors.
These 2-1/4" yokes are the state of the art in Vidissector image
dissector yokes. Linearity of 0.25% has been demonstrated on a
standard F4052RP (2-1/4 inch) Vidissector imége.dissector.

5) The focus coil will be wound such that with a shield in place the

field uniformity better approximates the required values.

2.0 RESULTS
2.1 Tube Design -

Two modified F4012RP{S20, SS) Vidissectors were built by ITT-
EQPD. Thgse tubes incorporated several changes in the photocathode to
mesh region which did reduce the distortions of the electrostatic
accéleration field, These changes resulted in reduced static focus
distortion for off axis image position when compared to a Standard F4012RP,
See Figure 1. These changes were a reduction in the mesh to photocathode
distance and a mechanical redesign of the faceplate/envelope interface.
Such changes result in a much better approximation to a parallel plate
accelerator. The mesh to cathode spacing was set at 0.075 * .01 inches.
An analysis indicates that spacings as close as 0.020" will not resﬁlt in
significaﬁt (i.e., < 1% modulation) mesh—in—focuslphenomena. Other
manufacturing constraints, however, limit this reduction fo‘: 0.03 - .04
iﬁches. The implication of a 0.03 - .04 inch spacing is that the acceler-
afion electric field would be essentially planar acroés the photocathode

diameter. Other steps were taken during the tube manufacture to insure
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The view presented in the plot is ﬁow fhe tﬁbe would
seeia_"perfect" grid; i.e.{ the view is dis?orted.
xThe~$mali circles are .doi inéh radiﬁs._ One can also
thiﬁkxof the small cifclésas reéresénting the.épefm
ture.feferred‘to the phdtocathode. Fér a linear.model,
the tube deflects beyond the cofrecf cpﬁrdinate.at fhe |

corners.,

FIGURE 1 -

R

Appendix E - 4



F4012RP

STANDARD Tube
Improved Yoke

ib

igure

F

T

Appendix E - 5




-{‘:I-'l-nii}---‘lri 17

la

B

F4012RP
MODIFIED Tube
igure

TR

F

Improved Yoke

_bﬁﬁma.&x E- 6




JOICT

the mesh to envelope and faceplate to envelope total indicated runout

at ~ 0.4" radius were each less thén 0.005 inches. This measﬁre in
part insures that the electron acceleration vector is parallel to the
focus field véctor.t The consequence of:a non-parallel condition is that
the photoelectrons then see a greater variation inlthe focus and
deflection fields because of thelr larger orblts. This results in focus
and reflectlon errors. H

The tubes were constructed with a minimum of magnetic materials.
In the modified version of the F4012RP,_the only magnetic materials are
the mesh, the leads on the internal resistors and - the stem pins. A
standard F401l2RP also has a magnetlc mesh mount structure - and aperture dlSC.

It has been recommended to ITT-EOPD Englneerlng that these
modifications of the F4012RP be made part of the standard conflguratlon
with the exception of the aperture disc. (This disc is . 3/8" ¢ x .001"
thick).

2.2 Coil Design

N,

The yoke design was an"exténsion of previous work done by ITT-
A/0D for its line of Vidissector(R) cameras. ~The yoke is constructed on
a glass-epoxy form haviﬁg the turns captivated in specific slots along
and around the tubular form. The entire assembly, deflection yoke, focus
coil and shield weré encapsulated. Attention was given to the uniformity
of the magnetic field as well as the tube/coil relative position. It
would appear that future improvements'in this type of yoke for the F4012RP

will be made to the extent that the tube and faceplate can be placed
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déepér into the focus and deflection coils,  (This sets a back focal

length requirement for the'lens).
Assembly S5/N 1 was designed for 0°255 position. It, however,
performed 5etter at 0.38". Asseﬁbly S/N 2 was designea for 0.38".

Table I summarizes the test data.
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*
TABLE I - COMPARISON OF DEFLECTION ASSEMBLY DATA

Parameter

Focus Coil
Current
Resistance
Inductance

Inner Yoke
Current
Resistance
Inductance

Outer Yoke
Current
Resistance
Inductance

RMS Radial Geometrical
Distortion (.4" x .4")

Peak Radial Geometrical
Distortion (.4" x .4")

Skew +y ow to +x
Rise Distance
Weight

Length

Diameter

* Used Same F4012RP (520,
Tube at 3/87".

- 0.8-x 10

S/N 1

97mA
133Q
320mHy

60.1mA/inch
1394 :
41, 8mHy

69.9mA/inch
1479
47.5mHy

3 ihch

1.7 x 1072 inch

—.3 Degrees

- 8/N 2

- 95mA
1420
330mHy

60.1lma/inch
141¢
41lmHy

65.9mA/inch
1498
47 .5mHy

0.7 x 10732
1.5 x 1072

+.4 Degrees

~10 - 15um ~10 - 15um

0.94 Rg- 0.94 Kg
5.50/5.45
2.275/2.235

85) S/N 37404, 400 Volts .4" x .4" image format.
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A few comments on the data are appropriate. All the distortion

patterns were very symmetrical (x-y symmétry). The tube coil combination
over déflects (expansion) at corner positibns. This is a convenient
characteristic inasmuch as most deflection drivers and tracker servos
will have a tendency towafd signal coﬁpression. The observed skew on
the finished assemblies was significantly greater than the encapsulated
test setups.' Prior_to encapsulation skews of less than 0.1 degree were
easily obtained. Further work on.enéapéulation techﬁiques is perhaps
desirable.

The rise distance improvement was not obtained as was expected.
It is thought that the reason for this is the scattered/feflected light

from the mesh. Another Studyl

by ITT-EOPD shows there is a significant
amount of light returned from the mesh in a Vidissector. If this is the

teason, a blackened mesh is a desirable addition to future tubes.

——————— . A i Sy SOyt S S S T ——

1 Reduction of Veiling Glare in Elecﬁro-Optical Image Tubes. Technical

Report AFAL-TR-73-136, May 1973, AFAL, WPAFB, OHIO 45433.

-

Appendix E - 10



APPENDIX F

TEST PLAN

(including results of tests on Tube/Coil Assembly S/N 1)
of
Model F4012 RP

Tube/Coil Assemblies by

ITT Gilfillan



TEST PLAN

for

MODIFICATION, FABRICATION, TESTING AND DELIVERY

of

ITT MODEL F4012RP
TUBE/COIL ASSEMBLIES

for

NASA - GEORGE C. MARSHALL SPACE FLIGHT CENTER

CONTRACT NAS8-29918

ITT GILFILLAN
7821 Orion Avenue
Van Nuys, California



3.0

4.0

5.0

Objective

Test Equipment

2.1
2.2

Commerical Test Equipment

Special Test Equipment

Test Procedure - Coil Assembly

3.1
3.2
3.3
3.4

Dimensions
Weight
Resistance and Inductance

Coil Self Resonant Frequency

Test Procedure -~ Vidissector

4.1

Pertinent Tube Data Supplied by ITT A/OD

Test Procedure - Sensor Assembly

5.1

5.2
5.3
5.4
5.5
5.6
5.7

5.8
5.9

Initial Condition

5.1.1 Dark Current
Test Procedure - Static Grid Pattern Deflection Data
Linearity

Deflection Sensitivity
Orthogonality

Geometric Error Plot
Resolution

5.7.1 Tube Uniformity
Magnetic Field Effect
Stability, Temperature



1.0

2.0

OBJECTIVE

The objective of this document is to outline the procedures to test the

operation of the improved vidissector tube and coil assembly.

The tests are planned to measure parameters of the individual components
as well as to evaluate the performarice of the assembly as an integral unit,
The results of the tests will be compared to design goals established by the
specification (Exhibit A)., The procedure objective is to prove that the

assembly meets the specification requirements.

A test philosophy will be followed to use the procedure as an outline, If
test results indicate, additional data shall be taken to determine the com-
ponent parameters more completely.

TEST EQUIPMENT

' Commercial Test Equipment

Oscilloscope, Tektronix
Type 454

Oscilloscope, Hewlett-Packard
Type 130C

Digital Voltmeter, Hewlett-Packard
Type 34404
Plug-in Type 3440A

Gaussmeter, Radio Frequency Labs,
Model 750

Scales, Ohaus
Model 1119

Power Supply Twin, Power Design
Model TW 5005 .

Power Supply, Power Design
Model 5015A

Osclllator, Hewlett~-Packard
Model 200CD



Electrometer, Keithley
Model 610A

Environmental Chamber

Micro Flat, Collins

X-Y Table, Fehlman

Insirument Stand, Davidson Optronics

Dial Indicators, Starrett
No, 565-517

Laser, Spectra Physics 126

Collimator, Spectra Physics
Model 336 (3. 3u aperture)

Filter Holder
Filter No. 0.2, 0.5, 1,08, 2.0D
2.2 Speeiai Test Equipment
| - Dark Room
Tube and Coil Fixture
Static Test Unit
Helmholtz Coil
Optics
3.0 TEST PROCEDURE - COI.L ASSEMBLY

Coil Type TPALD B007844—1 s/N__SN-/

3.1 Dimensions

Referring to Figure 1, check the physical dimensions of the coil

assembly and record in the Table 1,



Figure 1

3.2

L
(81D
Table 1
Dimension Goal Measure
Inches Inches
D 1.140 + 0.010 ].)25
oD 2,25 Max 2.5
I 5.50 S. 44637
Weight

Weigh the Tube and Coil Assembly, using the Model 1119 Ohaus balance

and record weight.

Measured G268  gr3wrs |

-t

7)) grams
— ‘

(]

Jube

(él / /75.55’/)127/)/




3.3

3.3.1

3.3.2

3,3.3

3.4

3.4.1

Resistance and Inductance

Horizontal Deflection Coil

Connect the horizontal coil to the "unknown' terminals of the GR 1650
impedance bridge. Connect all shields to the terminal marked "low".
Measure and record in Table II the resistance and inductance of the

horizontal coil,

Vertical Deflection Coil

Connect the vertical deflection coil using the same instrument and
terminals as explained in 3.3.1, Measure and record the resistance

and inductance of the vertical deflection coil in Table II,
Focus Coil

Connect the focus coil using the same instrument and terminals as ex~
plained in 3.3.1., Measure and record the resistance and inductance in

Table 1I,

Coil Self Resonant Frequency

Horizontal Deflection Coil

Connect the horizontal deflection coil in series with 10K resistor across
the terminated output termin als of a test oscillator with the coil tied to
the low side of the oscillator and the resistor to the high side of the
oscillator, Tie all shields to ground. Using a Tektronix 454 oscilloscope
sense the voltage the high side of the generator with Channel 1, Using
Channel 2 tied to the coil-resistor junction, sense the voltage across the
horizontal coil, Obtain sync directly from the high side of the test oscil-
loscope output to externally sync time base using AC, LF reject, Starting
from a low frequency, find the first frequency at which the two channels are
in phase after any out of phase condition as the test oscillator frequency is
increased. Record the frequency indicated on the dial in Table II as the

self resonant frequency of the horizontal coil.



3.4.2

3.4.3

Vertical Coil

Connect the vertical coil as explained in 3.4.,1. Record the self

resonant frequency of the vertical coils in Table IL

Focus Coil

Connect the focus coil as explained in 3,4,1, Record the self resonant

frequency at the focus coil in Table II.

Table II
ol Reéistance | ' Inductance Self Resonant
N Frequency
KED /BLk ‘
Horozontal J 347'3 4] .5 MH éékﬂz
WHT] G RN
Vertical

] 4.9 479 /i

5940z

104y Hz.

Foc.us /34, 2. 3}9 M”




4,0

4,1.1
4,1,2

5.0

5.

1

TEST PROCEDURE - VIDISSECTOR

Tube Type F 40 /2 /‘?P
Tube S/N_©0 37403

Attach pertinent tube data supplied by ITT A/OD

Spectral Response

Uniformity

‘TEé‘aT PROCEDURE - SENSOR ASSEMBLY

Initial Conditions

Mount the tube and coil assembly on the two axis table (see Figure 2).

Insert an N.D, 2,0 Wratten filter in holder in front of laser collimator.

Turn laser on, Adjust motion table (X and Y) manual controls to position
spot image in approximate center of photocathode and for best focus on photo-
cathode visually, Make connection from the'static test vnit fo the vidisector
tube, focus coil, vertical deflection coil, and horizontal deflection coil as
shown in Figure 3, The tube voltage divider is shown in Figure 4, Turn

on static test unit and allow 30 minutes warm up, Set the scan mode switch

to Macquisition”, Adjust multiplier section voltage to™/)JF 8 volts. Measure
g _—— .

photocathode voltage 400 volts, Adjust focus coil current to
97 ma. ’

Observe video amplifier waveform with oscilloscope and adjust focus current,
optical focus, and motion table to obtain best electrical and optical focus of

spot image and position of image in center of acquisition field. Again record

focus coil current jﬁ.s ma.

Turn scan mode switch to "track"”, Confirm that closed loop tracking has
been established in both axis by moving the light spot off axis and chserving
an increase or decrease in error signals. Position and readjust motion
table ¢ontrdl to null the norizontal and vertical error signals with digital

voltmeter,
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Figure 4
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NOTE: Unless otherwise specified
1. All capacitance values in microfarads

2. All resistance in ohms W, 1%
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5.2

5.3

5.3.1

Dark Current

Connect electrometer to anode at vidissector and with vidissector in

total darkmess, measure dark current and record mo‘amps.

Test Procedure - Static Grid Pattern Deflection Data

With the deflection coil axis aligned to the table axis and with equipment
in closed loop operation, move the point image on the photocathode ina
regular , 050" rectangular grid pattern over the photocathode surface using
the motion table controls, Measure and record the horizontal and vertical

SE
static deflection ewsmsemt Gt each of the grid points as listed in Table I

I
A, B, Cand D, :
an | # See wole o
Linearity fo//& u//hj ,Dajéf.

Horizontal Axis Linearity

Calculate least mean squares best straight line using horizontal deflection
data from data points on the horizontal axis from Table III and using the

following equations:

H = bx

where H = Horizontal deflection current
X = Horizontal displacement in inches
b = Horizontal best straight line slope
p o NIH) - Xi) i)

N(X)?) - i)?
Use 13 data points (p-13) on the horizontal axis from , 300 inch on one side

to . 300 inch on the other side. Record the values of b below:

b = 2/ 3RE valls imeld

Calculate deviations from the best straight line at each data point in

inches and as a percentage of photoeathode diameter (. 700 inches) and
record in Table IV. Record the greatest deviation from the best straight

line of the 13 points calculated in Table IV,

- 11 -



NOTE: Throughout the test procedure measurements of deflection are made and
tabulated in volts., The static test tracker provides deflection coil pickoff resistors
through which the deflection current flows. The readings are the voltage across
these pickoff resistors which for both channels are 332 ohms, The deflection

current can be calculated by dividing the tabulated feadings by 332,

-1la -



5.2

TABLE IH A.
Static Grid Pattern Deflection Dala

‘Quadrant as seen facing the Photocathode

12 -

NQOTE: Horizontal and Vertical Deflection in 82

Inches from
Center of Horizontal ) *
Photocathode 0. 000 0.0650 0,160 0. 150 0,200 0.250 0,300 4,350
R . 337!
vertical| Horiz, | ®,900 |} 672, 24 4 3. /9% | 4257 15.335 | giq 1.229
0.000 | Vert. 0,000 el s5.08F pa,@d] Q;:o,mg -0,a17 =30k *0,03“{&
' ‘ o 3575
Horiz. | 0,014 | 1,082 | 2013413209 [426% |5354 |6.43¢ 1256
0.050 | vert. | 0,932 10,935 | ©*734 {5,973 | &31 [, 926 |82, (0,03
' ' ' Q, 3304
Horiz, | 28 '*lal 2.1@4 33‘3% %Bié: 9396 | b4gl 17152
0.100 |vert. || 864 |} 860 |).80) ||, 327 |1.887 L8467 | 19462 | 1 B2
. | : : O, 3/60
Horiz. la,244 0. 12 [2.18 |3.260 14.33) {5425 |45/3 | (353
10,150 |vert. |2.%6012, 828 2808 |2.8)0 |28/5 (2818 |2,320 | 2,924
' : _ &6,0528 |
| Horiz. |@,84/ | 139 12.2a3 13,283 | 4.34) |5.45¢ | &370:
0.200 |veri, | 37453947 3751 {3757 |F.769 |3.773 {3,972
, 1 &2 578
Horiz. |A,011 L1600 12,22413,313 |4.385{5.485 |S. 4%
10,250 |vert. 14,692 {9,490 14.70) |96 | %321 "%.234 4.7 34
- jexa4a)
Horiz, 0,893 |/119 12,299(3.340 (4.422 14,577
10.300 ivert, [S,444 19498 15,654 15,669 |1S5,474 {5,676
&) 229 .
Horiz, |&.,]0& 1), 199 2, ALY 2.765’
0.350 |vert. ooz W lois |6.423 | loblS
A 0.5 , :
0.314% v .47 '



TABLE IIIl B

NOTE: Horizontal and Vertical Deflection Gwmmeent in

Quadrant as seen facing the Photocathode

- 13 -

5.2 Static Grid Pattern Deflection Data
Inches from
Center of Horizontal j
Photocathode 0.000 | -0.050 | 0.100 |} -0.150 | -0.200 }-0.250 |-0.300 |=-0.350
. ‘-0-34‘15
Vertical Horiz, |8 000 F/,0571 Fa,123{=3,/749 4,255}~ 9,324 6,407 =424
0.000 { Vert., [& K mpapa,203 [=Q.006F8,088 |~8.0c8 |~ 0ef|=d,8¢8|-0,057
_ . -3,35%5
Horiz. 1 &, 014 1)1 944 20987 3,/ L2423/ -5,297|~6.383 -1, 432,
0.050 | Vert. |4,932 4,448 9.a5({d,92210,925] &893 4.936| 2.4
| 1 e384
Horiz. | 8,429 £/,037 [~211a7 |3.170 4244 5314 | 6414 |~ 7317
0.100 |vert, | ), 844 | ). 302 | 1.360} ).8% | ).85¢% | ).856] ),857 | /871
: _ ‘ -, 332 2
. Horiz, | 4,646~ 1,017 f&,095[~3.152 k4240 |-53/5 |- 408 |~7./0
10,150 jvert. | 2,842]| 2:86212,602 | A%ax |2.9324 | A.8a4| 2,809 34
: _ ' ' 1La,3aef7
o Horiz, |4.06) |~ ) 667 ~2,086 |~3.15 | ~£136 ‘5;3“ bV ~6,b/0
0,200 [vert, 3945 | 3043 | 3345 | 3749 137551 3762 3.783) 3024
' _ g =MRTT2
| Horiz, | ¢, 8721-6,993~2.,817 3,145 ~4.234 5,315 175,891 1
0.250 |vert. | 4,492/ 4.6 4.6%514.702 | 4, 1u41 1735 | 4.743
| | L poasta
Horiz, | & 093 {~0,9%3 74,07 -3.14.5'L3.z1) - 1.94
0.300 |vert. | S.644! 5.6%a 5,65/ 15,663 [S.473 | 663
| 0\ 1455 .
Horiz, | O, 106 -O.ﬂe"‘l.déﬁ "3,0&
0.350 |Vert, [&.b)3 | &, 6i0) & .big|s bA
@, HE :
o3¢y Il - Ve/ts.



TABLE III C

NOTE: Horizontal ard Vertical Deflection Joumsieemt in

Quadrant as seen facing the Photocathode

5.2 Static Grid Pattern Deflection Data
Inches from
Center of Horizontal : _
Photocathode 0. 000 0.050 | ©0.100 0.150 0.200 { 0,250 | 0.300 0.350
‘ o337
Vertical! Horiz, | 4 noo | /072 12004 13,090 19259 | 5.337) L.924 |7.225
0.000 | Vert. |a noa |G a0l |a.oes fo,con Lo.cos |-0,61m 0,024 0,637
, | ' .3278
Horiz. .5, 515 | 1,05¢ |2.114 | 3./82 {4.248 |5.329 | L.4)) | Z0s¢
-0.050 | vert. FO.934 -a,q%,iro,%ﬁ 0,940 FO,T747 P56 o G20 (~6.978
_ , 8,314
Horiz, Fo030 | 1,841 12,097 13,071 %240 |5.326 | Gs/o 207
-0.100 |vert, ~).845 |~/,873 /87 |-1.874 /876 F133T FLIH 1905
_ Q,2330
| Horiz, |-0,d9L /,825 | 2087 | 3./59 |4.232 |S5,325] 4,190
170,150 fvert, 2,342 |-2.%9% Fa.#/6 FB/IT k2930 F2,849% 12,959
, 0,247
| Horiz, [~a.462 |}.0/5 |243) |3./61 4235 | 52,0
-0,200 vert, [3.74 /) 13,749 3.758 k39462 13999 R3,7497
_ o a4924
Horiz, 1,277 i /84S | 2277 |3.15¢ | 4,873
_0.250 Vert, -4bé&‘1— hqnéﬁ%‘:? -—“f‘.?c‘.}f' "‘%70? “qnllﬁ -
\ a, 58 ' :
Horiz. LO"°‘?~‘3 o597 ] 1aa
-0.300 [vyert, =S5 &%) 25,6498 [-5.65a
-0,3295
Horiz, (=9,Q92
-0.350 |Vert, [—o. B
| Vaits



5.2

TABLE III D
Static Grid Pattern Deflection Data

Quadrant as seen facing the Photocathode

-15 -

Mididarepons

Inches from
Center of Borizonta
Photocathode -0,000 -0, 100 -0,150 ~0,200 | -0,250 0,300 -0,350
- A ~0.3495%
Vertical| yoriz, O.00s -2.124 3,178 ~$£25<4 -53524 |-/ <04 - 7498k
0.000 | Vert. 15 »rnp 8,007 |=6.0877 |=0,60% |~0.00% }-0.80%F |~&.0a?
~ - 0.3404
| Horiz. \wp. 015 -/ nL8l-2.)37 t3.200/ 4,223 |-5.338 6434 t+7.3a2
-0.050 | Vert. F ©,934 —0,95] |-0940 HaG4¢ tedq)  +8.951  pAAss
’ ’ "'d:-yjo
Horiz. [~ 0934 =2, /L] 3214 yh295 5362 [ 6453 14,9494
=0.100 {vert, P |, 80S =/ 810 |F1L.%76 ~l.8% 1 I, 889 *—-L%ﬁ? ~1.8.9)
' . . -0 squo
Horiz. (~0.49 6 -2, 109 F3.291 F43/1R 5334 ~&4395
150.150 |vert, L2 452 2,829 BN [PR%2% FR.837 A, N
- ’ ) ’ -n.lg'?‘i
Horiz. |"®,a842. = /1.)30 - =2, 28) “‘3-253 4350 |~5.92) ~5.5858
-0.200 | vert, |=3.74) F305e [3.954 13,773]-3.989 F30 8
. - A&, kr9d
Horiz. [~8,575 2,224 3297 ~4.379 [~4.344
[0.250 |vert. |~9.584 9695 R4 [~9.718 F4oas
7 -a.0883 : '
Horiz, | o416 = o504
-0.300 lvert, [=5.54) ~ 5,648
-a'%
Horiz, |=&.89
-0.350 | vert., [~o. %)\
- _ - o Ve /ts
NOTE: Horizontal and Vertical Deflection <Swement in ¥4




TABLE IV

Horizontal Lincarity Deviation

Horiz, Axis Deviation of
Position Actual from BSL ier‘fen_tage
Inches Inches eviation
(P or _016")
+0.300 +0. QOIL 0.c2 /o
+ 0,250 +6. ool 0.03%
+ 0,200 —9. o0y 5,06%
+ 0,150 : f
"0 0203 0.05% %
+0, 100 ‘ 7
0. 0004 6, 06"l
+0, 050
| 10,070 3 0,057
0.000
-0 o
-0, 050 -0 0004 0,06 /)g_
-0, 100
-O.oocd 0.06%
-0,150
~0,200
~0. 000 Y 0.007
-0, 250
~0.0003 0,057,
~0.300 1000004 0,06
Horizontal Deviation Greatest Percentage O X %
ORIGINAL PAGE B8

OF POOR QU

- 16 -




5.3.2

TABLE V

Vertical Axes Linearity

Vertical Axis Deviation of Pércentage
Position Actual from BSL Deviationg
Inches Inches
+0, 300 + 0. 0909 0,15 o
+0, 250 f 0. 000l 0-03‘/)" i
+0. 200 -0 0003 n,05%
+0. 150 ~0, 0000 o, 17,
+0.100 0. 2000 0. 1
40, 050 “0.000 3 0.05%
0. 000 - —O
0. 050 _ -
: 0.00p| 0. 0%
-0.100
-0, 0005 0097
-0, 150 | j
_ ~0. pooL 0.1 *7e
-0, 200 |
<0y 0p 04 0.0 9%
-0.250 PN
~0.6002 0,03,
-0.300
+ Dc 009 7 G. | 5 ?0

ORIGINAL PAGE IS

OF POOR QUALITY]

Vertical Deviation Greatest Percentage Or /5

- 17 =

%




5.3.2 Vertical Axis Linearity

Calculate the least mean squares best straight line using vertical deflection
data from data points on the vertical axis from Table III and using the

following equation:

= dy

Vv

where V = Vertical deflection current in ma,
y = Vertical displacement in inches
d = Vertical best straight line slope

N (L) = ()=

d
Use 13 data points (h—13) on the vertical axis from , 300 inch on one side

to , 300 inch on the other side., Record the values of d below:

a = /2. 75‘5/&’&/&‘.5/7):1

Calculate the deviations from the best straight line at each data point
in inches and as a percentage of the photocathode diameter (. 700 inches)
and record in Table V. Record the greatest deviation from the best

straight of the 13 points calculated in Table V.

5.4 Deflection Sensitivity

5.4,1 Horizontal Deflection Sensitivity

Record the value of b as calculated in 5, 3, 1 below as the horizontal

deflection sensitivity .

& 4. o235  ma/inch

5.4.2 Vertical Deflection Sensitivity

Record the value of ¢ as calculated in 5, 3, 2 below as the & vertical deflection

sengitivity.

5E.YFPF " ma/inch

- 18 -



5.5 Ofthogonality

5.5.1 Horizontal Axis

Using the data from the four on-axis . 150 inch data points from Table IIT
calculate the equivalent displaceinent in inches that each point lies off
axis, Calculate the angle between a line drawn through the two horizontal
. 1560 inch points and the horizontal axis and tabulate below, Use the con-

vention of counter-clockwise rotation as positive angle.

Deviation of horizontal axis g @. @6 0

5.5.2  Vertical Axis

Calculate the angle between a line drawn through the two vertical , 150 inch

point and the vertical axis and tabulate below,

Deviation of vertical axis =0, géz - °

5.5.3 Coil Orthogonality

Calculate the difference between the vertical deviation and the horizontal

deviation and add 90° to obtain orthogonality, Record below,
Orthogonality F9.a4 o°

5.6 Geometric Error Plot

The geometric error plot is obtained in the following manner by assuming
nominal horizontal and vertical deflection sensitivities in 5. 4, calculate
ideal defiection current at each . 050 inch data point out to , 350, Cal-
culate the deviation in horizontal and vertical deflection current at each
data point in Table III from the ideal value calculated above, Then re—
calculate horizontal and vertical deviation as percentage of ideal full

scale deflection current. Plot the deviations in inches on a gfaph. Expand

the scale at éach measured grid point to emphasize the map distortions,

-19 -



An initjal plot, Figure 5-6A, was made of the data from Table IIf A- IIl D. The
procedure to generate the plot was:

1. Select a nominal gradient from all horizontal and vertical readings,
2. From the nominal gradients, the predicted read.ings at each is

. calculated.
3. The difference between the predicted readings and actual measurements.
| is tabulated
4, The differences are plotted on a graph with the scale expanded at the

measurement points so that distortions are accentuated,

Conclusions from the initial pl_ot are:

1, The non-orthogonality dominates the error contritiution of an absolute

position accdracy figure, The source of the non-orthogonality could
" have been instrumentation error since it was not evident on the original

data taken by ITT A/OD, N |

2. A decrease to both selected gradients would result in a better fit of the
actual to predicted data, _ ' |

3. Actual data in the second quadrant (~.300 < H < ~.050; .050 < V < ,100)
is somewhat distorted with respect to the etﬁer data.

An electronies compensation is proposed to correct the: non-orthogonaliiy displayed in
the initial data, This is effected by merely coupling e percentage of one coil's drive
to the opposite coil. Application of this electronic cross~coupiing to our deflection
co'ii wodld tranelate the measured H values an amount proportional to theﬁ‘ distance

from the Y = 0 line,

The effect of the electronic correction can be ascertained by applying the translation

to the data. The percentage of electfronic cross-eouplihg is chosen to- tranelate the

H values 0,015 volts/0. 050 inches (V dimensfon. ). 0.050 inches is nominally . 94 volts
at the Y output, The second error characteristic, shown in Figure 5—6]3 mcorporates

the non—orthogonality correction and a new gradient eetimate°

~ 19a -



It is noted that the optimum gradient used is slightly different than that calculated
from the on-axis data in Section 5.3. The map gradient should be used since it
considers data from the entire 0, 6" diameter field, The deflgction sensitivities

are:

Horizontal 64,337 ma/inch ' Verﬁcal 56, 747 ma/inch

Ingide a 0.3 inch radius the mean radial error using 121 data points is approximately
0. 00075 inches. |

- 19b =
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5.7

5.7.1

Resolution

Turn the test equipment power off, Place equipment in an open loop
horizontal line scan mode. Mechanically move image to the first data
point listed in Table VI using the table controls. Optimize electrical
focus for each measured point, Adjust the D.C. offset current in the
vertical axis so that the elecfricai scan is centered on the image position

on the photocathode. This is effected by setting the current to the

‘difference between value when the scan line barely intersects the image

at either extremes, Obtain and X, Y plot of the video at the data point,
Measure the IOZand QOZ point of the video and calculate the rise distance

in microns, Record in Table VI

Rd @) = Rd _(inch)

u
. _ Ic -
Rd (nch) = Def. Sen./In
Ie = | Ic:1 - Icz |
Ic:1 = Ie @'IT = .91p
Ic2 = ke @ IT '== Jdp
Rd = Rise Distance .
u = 3.937 x 107°
IT = Target Current
Ip = Peak IT |
IC = Def. Coil Current

Tube Uniformity

Measure the 100% point of the video X-Y plot and tabulate in Table VI.
Turn the test equipment power switch off and place equipment in vertical

line scan mode. Repeat above procedure for each data point of Table VI,

- 20 -



NOTE: The source used throughout these tests was a Spectra-Physics Model #126
He-Ne laser outfitted with a Model #336 collimator. The collimator used a 3.3
micron aperture at the focal plane of a 200 mm focal length lens. The optics for
the image dissector was a Schneider f/1,2, 50 mm focal length lens,

Prior to resolution tests, the image size through the Schenider lens was measured
with a microscope. The image diaﬁeter at the third diffractior ring was 14 microns,
Although appreciably smaller than the image diésector aperture, this was only
slightly less than the measured rise distance. A sample illustration of the rise
distance measurement is given on the following page. ' The 10% and 90% points are
taken from a straight line drawn through the trangition line. These are the values
tabulated in Table VI. This manner of determining rise distance will be valid if the
optical image size is smaller than the image dissector rise distance. For most of
the measurements, the above condition is true and a good straight line estimate can

be drawn,

The horizontal and vertical rise distances were measured for nine positions shown in

the following sketch

- 20a -



5.7 Resolution

Tax - VI

5.7.1 Tube Uniformity
o | O M | v | e [ oot
Current Photocathode Left | Right | Left | Right |  100% Pt] | .
LA Horiz Vert K H H - o H v
P Z O O /f_59 /A28 254\ 13,57 37 {
9z 2 Q.30 O |as.9 /?.?3 2//51/7.0/) /07 'i
P30 -9,30| o -y 57 @?/.sa%?o?é?é’ /8/3 SO |
93,9 0 |-ass /893 | raag|ies|1073| /33 -
0.2 5 O |-030(/8R7/395|2228)/6.99 JSOF
7% 3 O | 975|216 |14/.67|/ 5. g9\ 73| 157
23/ o 030|952 9¢|/7 75,5 £7\ 493
73,0 0.2/25C2/285115. 28| 7/, 95'. /851114473 /4
93/ |-aw2s0. HAS| 2025|2225 |22.661200/ | o4

Resolution: The goal over 0,6 inch diameter is 4y near the center and 64 at the edge. The tube resolution

ghall be computed between the 10% and 90% point of the tube rise distance when taking into account

the optical image shape,
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Magnetic Field Effect

Attach tube mask with an aperture having 0,002'" dia. pinhole to the
vidissector face plate. Remove the collimator and image lens from test
table., To determine the stability of the deflection system under the
influence of an external magnetic field, place the Helmholtz coils parallel
to the tube and coil so that with the coils energized, &2 gauss is present
in the vicinity of the coil in a transverse direction, Turn on static test
unit in track mode, Obtain track by positioning the laser beam over one
of the holes in the tube mask, With external field turned off, record
horizontal and vertical deflection current in Tﬁble VII, Turn on external
field and again record horizontal and vertical deflector current for this
position, Repeat for each of the pin holes in tube mask as shown in

Table VII, Repeat for other lateral field and longitudinal field,

Stability, Temperature

With the mask attached to the vidissector faceplate, place tube and coil
assembly in temperature chamber. Mount on & stable platform with tube
faceplate perpendicular to the temperature chamber window. Make con-
nection from the static test unit to the vidiésectpr tube, fobus coil. Vertical
deflection and horizontal deflection coil as shown in Figure 2, Mount the
laser on a motion table and place perpendicular to the tube faceplate outside
of the temperature chamber, Adjust table to position laser image on pin hole
of the mask. Turn on static test unit and allow 30 minute warm up. (Block
laser beam to tube while warming up). With the scan mode in "track"
measure and record the réquired time, temperature, voltage and current
listed in Table VIII. Measure and record the horizontal and vertical static
deflection current at each of the 9 data points listed in Table VI, Turn
static test unit off, Stabilize thermal chamber at 130° F for one hour, Turn
static test unit on and repeat after 30 minute warm up. Turn static test unit

off. Repeat sequence at 700 F and 32o F,
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Table VI - &

5.8  Magnetic Field Effect

Tube Mask No. External Movement
Position External Field in
No, Field Gauss Mill inc_h
| i g
Horiz <V oV o -
1 Vert Qv <V O
&, <2 &
Horiz 6.4 2 Ty Y 4,//.,7{, 207
2 Vert -0, 074 TS50 F 277
_ Horiz — 6. /0 — &, S OF o, 09
3 Vert —0.00F 44 2,7/
_ : 005 2
Horiz : ©. 08 o Is
4 Vert _ . o.//
—0,082
Horiz -0, 08¢ |  0.07.
_ o :
5 Vert - 5235 | o.05
Tube Mask

Looking at front of tube
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5.8  Magnetic Field Effect

Table VO - &

Tube Mask No. External Movement
Position External " Field in
No, Field Gauss Milli inch
Ty 4
Horiz O o v o
1 Vert o o o
4, 4ad
Horlz & /27 &, S2h o, 08
2 Vert -0 O3 2997 Lo
- -6 yo5 -
_ Horiz — 8. SO — 0,05
- 2. - —
3 Vert —a, ;zf? -2.905
. 0,053
4 Vert §2Z§ ) o
_ — 0,082 '
_Horiz -0.08% — .05
— ’ 6 J—,
5 Vert _55',63’5 — 0,05
Tube Mask

Looking at front of tube
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COMPONENT SCHEMATICS

Voltage Divider
Deflection Assembly
Shield-Magnetic

PROCESS SPEC -

Shell EPON - 828

APPENDIX G
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AEROSPACE JOPTICAL DIVISION

FORT WAYNE,

SCOPE

This specification defines the formulation and procedure for
preparing and curing a rigid general purpose epoxy resin ad-

hesive or encapsulant.

This material may be used as a cement

in assembly or as an encapaulant for electronic components
and/or assemblies intended for space flight use.

MATERIALS AND SPECIFICATIOWS

Regin

2.1 Base Epoxy

ITTIL Spec. #4720538,
Embedding, General Purpose Materials Specification"

{shell Chemical Co.

2.2 Curing Agent

Epoﬁ curing agent D.

. MIXING FORMULATION

3.1 Epon 828 - 100 parts by we1ght
12 ¢ 0.5 parts by weight.

MIXING PROCEDURE

- Epon 828).

"Insulating Compound, Electriecal,

Curing Agent D

4.1 Measure the proper proportions by.weight of Epon 828 and
: curing agent D into the mixing container. Use aluminum
~cups for small gquantities or beakers for larger amounts.

" NOTE: Measure a sufficient amount to ensure the
quantity is adequate for the application.
- In no case shall a mixture of less than

10 grams be used. ’

4.2 Mix thoroughly the Epon 828 and Curing Agent D. The
mixture may be heated to 45°C for 2 minutes to reduce
the viscosity and enhance the mixing. r

4.3 Cover the container with a plastic hag, when a bsaker
.18 used, and place the container in a vacuum chamber.

Lower the pressure to approximately 200um. The resin

and curing agent mixture will rise and froth: leave
the resin in the vacuum chamber for 10 minutes after

the major frothing ceases.

4.4 Remove the mixture from the Vacuum chamber. The mixture
‘1s now ready for use per detailed assembly drawing
"%_ instructions.
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5.0

- Cure the encapsulated assembly per the following

CURING PROCEDRURE

Three hours at 65°C to Jjell mixture.

Post cure at 125°C for 1 hour.

After curing cyéle is completed, turn off the oven
and allow the assembly to return to room tempera-

schedule
ture.

5.1.1
5.1.2

5.1
5.2
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